Soil samples were collected from and around Zliten cement factory, Zliten town, Libya. Soil metals and microbial contents were determined. The results obtained for the examined physiochemical characteristics of soil in the area studied prove that cement dust from the Zliten cement factory in Libya has had a significant impact on the soil. The affected soil properties are pH and total calcium content. These characteristics were found to be higher than those in similar soils from the same area (unpolluted). The increment of soil pH in the same area may be a result of precipitation of cement dust over the years. Metal uptake from cement to plants and soil then affects organisms' bodies, a fact that seems to be reflected in this study. Different responses were found in each site. For instance, the dominance of fungi of soil was lowest at 100 m from the factory and the evenness and diversity increased at this site compared to 300 m from the factory and the control area.
Introduction
The problem of environmental pollution due to toxic metals is of major concern in most major metropolitan cities. The toxic metals entering the ecosystem may lead to geoaccumulation, bioaccumulation and biomagnifications. Whereas trace metals are necessary for proper functioning of biological systems, their deficiency or excess can lead to a number of disorders [1] .
Heavy metals occur naturally in the soil environment from the pedogenetic processes of weathering of parent materials at levels that are regarded as trace (<1000 mg·kg −1 ) and rarely toxic [2, 3] . Due to the disturbance and acceleration of nature's slowly occurring geochemical cycle of metals by man, most soils of rural and urban environments may accumulate one or more of the heavy metals above defined background values high enough to cause risks to human health, plants, animals, ecosystems, or other media [4] .
Cement withdraws an attention as a pollutant. The raw materials of the cement have mainly the following constituents: 75% limestone (CaCO 3 ); 20% -25% clay (Al 2 O 3 + Fe 2 O 3 ); 5% sand (SiO 2 ) and 2% Ferric oxide (Fe 2 O 3 ). In fact cements are mineral materials, basically hydrated silicate and portlandite [Ca(OH 2 ) 2 ] for the ordinary Portland cement [5] . Cement adversely affects the populations of microorganisms.
Air pollutants, responsible for vegetation injury and crop yield losses, are causing increased concern [6] . Air pollution has become a major threat to the survival of plants in the industrial areas [7] . Rapid industrialization and addition of the toxic substances to the environment are responsible for altering the ecosystem [8] [9] [10] .
Changes in soil properties have been associated with environmental alteration that takes place, for example as a result of human activity [11] . As soon as cement contacts the soil surface its constituents enter inside the earth. Its metal constituents undergo several reactions which can affect soil including its chemical and physical characteristics [11] . As cement has high carbonate content, the dust tends to be highly alkaline. Therefore, it is likely that soil contaminated by cement will have high pH. The biological, physical and chemical properties of soil, such as water content, electrical conductivity, and pH, were all found to be affected when treated by raw materials of cement [12] .
A large number of studies have investigated fungi isolated from acidic to neutral soils. However, relatively few have investigated fungi in alkaline soils. Soils with high concentrations of calcium carbonate or exposed to cement dust were studied by [13] [14] [15] [16] . In these studies the most common fungi were Aspergillus, Cladosporium, Gliocladium, Mucor, Penicillium, Trichoderma, Acremonium species and two Chrysosporium species. Almost of these fungi grew well in alkaline conditions.
The relationships among soil properties, fungi, and cement dust as a pollutant have been explored in relatively few studies. Many studies [14, 17, 18] isolated fungi from soil exposed to cement, but did not focus on the effects of cement on fungal characteristics such as protein or enzyme content or pigmentation products, nor did they present a particular reason why such effects occur.
The aim of this study was to investigate the effect on soil of cement dust emitted the area around Zliten cement factory. Genera of fungi which are present in soil microflora in the area contaminated by cement were investigated, as well as pH, moisture, and heavy metals content in the polluted soil, comparing the findings with those for soil samples taken from an unpolluted area.
Materials and Methods
Zliten cement factory is located in Zliten town which is situated 160 km east of the capital, Tripoli, and about 35 km east of the ancient Roman city of Leptis Magna. It is about 60 km west of the city of Misurata.
Soil samples were collected from four different sites A (inside the factory), B (100 m from the factory), C (300 m from the factory) and D 100 km away in the area of Misurata for the control, to investigate microfungi, heavy metals, pH and water content of unpolluted soil (control) and soil that had been continually exposed to cement dust. at depth of 1 -10 cm and three samples from each site, Sampling distances of 100 m and 300 m for polluted soil were selected due to some physicochemical characteristics variations such as pH, content of elements, moisture and salinity of their soil according to results not published in the same area (Alkomos cement factory) in Libya [19] and published results in Turkey (Edremit cement factory) [13] . The collection sites for contaminated soil were to the east of the cement plant because of prevailing winds from the west. In these locations the view is not clear, particularly in summer, and the probability of dust deposits is larger than at any other direction around cement the factory. It should be noted that site 1, 100 m from the cement factory, is located on a small hill. The distance between stations at the same site was 10 m and soil was collected from 5 to 15 cm depth.
Soil texture, organic matter, total soluble salts, water content and pH value were determined according to the method described by Chaturvedi and Sankar [20] . The soil metals were determined according to reference number [21] . Total numbers of fungi per gram of soil were counted by using the dilution plate method for each type of soil samples as described by Biyik [13] using Sabouraud medium and Czapek medium. All mentioned experiments were taken place on soil samples far away from unpolluted area as comparison.
The pH was measured with pH meter. The pH meter was calibrated with buffer solutions at pH 4, 7 and 9. Metals were determined according to the standard methods of AOAC [21] by Atomic Absorption Spectrophotometer (180-30 Hitachi).
Results and Discussion
The results obtained from the field work examining some physicochemical characteristics of soils from and around Zliten cement factory have indicated a strong influence by this factory dusts that have settled on the soil from the cement factory. It can be concluded that the effect of dust on soil metals content, water content and pH of soil depended not only on period of exposure to this dust. Results of soil analysis are shown in Table 1 .
The organic matter was low in soil samples and they ranged from 0.11 to 0.25 g, the pH values of the soil samples revealed no significant differences at all localities, pH values ranged from 8.46 to 8.68. Since all samples contained very low amounts of organic matter, this result is consistent with other finding of earlier studieson Libyan soils [22, 23] . Also water content ranged from 2.06% to 4.17%.
The concentrations of metals in the samples analysed are reported in Table 2 . The results show that the soil samples from different localities differ in their metals content and the metal concentrations inside the factory samples were higher than others. All tested metals (Cd, Pb, Al, Cu and Ca) except Ca contained the highest amounts in the first location (inside the factory). There were significant differences in soil metals content between first location (inside factory) and unpolluted samples (P < 0.001). Pollution of soil by heavy metals occurs due to different sources such as industrial wastes, application of fertilizers, corrosion of sheeting, wires, pipes, burning of coal and wood, and fuel hydrocarbons. Soil heavy metals content from different places of the world Table 1 . pH value, organic matter and water content of different locations from the cement factory. Sites A (inside the factory), B (100 m from the factory), C (300 m from the factory) and D 100 km away in the area of misurata for the control. Table 3 . Fungal flora (colonies number) isolated from different localities from the cement factory using sabouraud medium. Sites A (inside the factory), B (100 m from the factory), C (300 m from the factory) and D 100 km away in the area of misurata for the control. are well known [25] [26] [27] [28] [29] [30] , while no studied concerning metal and microbial analysis in Zliten-Libya. The total number of fungal soil colonies per gram of soil is shown in Table 3 . Different soil localities support the growth of three fungal genera in Tables 3 and 4 .
The fungal genera are Aspergillus, Rhizopus and Fusarium isolated in the present study, such genera were previously reported in different soils polluted by cement [13, 19, 31] Aspergillus having the greatest diversity of fungal species in soil polluted by cement, [31] and [17] observed the same trend for Aspergillus compared to other fungal species.
The effect of organic matter, total soluble salts, pH value, and metals on soil microbial flora are severally different from place to another. Overall, heavy metals were generally toxic to soil microbial flora, but some Table 4 . Fungal flora (colonies number) isolated from different localities using Czapek medium from the cement factory. Sites A (inside the factory), B (100 m from the factory), C (300 m from the factory) and D 100 km away in the area of misurata for the control. microorganims appeared to benefit from some concentrations [24] .
Conclusion
As per the results obtained, it is concluded that the physicochemical characteristics of soils (pH, water content, organic matter) in the study area indicate a strong influence by cement dusts that have settled on the soil from the factory. Metals determined in polluted soil indicated high concentrations in first site (inside cement factory). The reduction of fungal colonies in polluted soil by cement may attribute to higher metals and pH.
